The conformations of the HIV-1 reverse transcriptase inhibitor 1-[(2-hydroxyethoxy)methyl]-6-(phenylthio)-thymine (HEPT) are calculated by semiempirical and mainly by ab initio methods in order to estimate the potential for the rotation around the carbon sulfur single bond. The results are compared to X-ray structures of HEPT associated to the HIV-1 reverse transcriptase. The NMR spectra of the compound are calculated to obtain some information about its structure in solution. The structure of HEPT in the complex is analysed to study the intermolecular interactions between the inhibitor and the surrounding protein, which determine the geometry of the inhibition complex. Key words: Ab initio calculations / Density functional theory / HEPT / HIV-1 reverse transcriptase inhibitors / Molecular calculations.
1-[(2-Hydroxyethoxy)methyl]-6-(phenylthio)thymine (HEPT)
is a potent and selective drug active in vitro against HIV-1 reverse transcriptase (RT) (Tanaka et al., 1992 a, b) . It is commonly referred to as a non-nucleoside inhibitor (NNI), interacting noncompetitively with an allosteric site, and found to inhibit HIV-1 replication at nanomolar concentrations (De Clercq, 1995) which is about 5 orders of magnitude below the cytotoxicity threshold. However, the effectivity of NNIs is weakened by the very rapid development of drug-resistance mutations (Buckheit et al., 1995; Hopkins et al., 1996) , which necessitates the search for other active derivatives.
In previous reports, conventional QSAR studies of HEPT analogs and a 3D-QSAR study using the comparative molecular field analysis (CoMFA) were presented (Hannongbua et al., 1996 a, b; Kireev et al., 1997) . However, the explanation of structure-activity relationships still requires detailed information about the three-dimensional structures of both inhibitor and receptor sites. As HEPT is rather flexible due to the carbon-carbon, carbon-oxygen and carbon-sulfur single bonds, the conformational space must be analysed with respect to all energetically accessible conformations.
The optimisation of the various conformations of HEPT was done using the semiempirical AM1 method as well as by ab initio methods (3-21G and 6-31G** basis sets at HF level and B3LYP/6-31G** method) as included in the GAUSSIAN 94 (Frisch et al., 1995) program package. These calculations were compared to the experimental geometry, in particular to X-ray diffraction data of the reverse transcriptase-HEPT complex (Ren et al., 1995) , available in the Brookhaven Protein Data Base (1RTI) (Bernstein et al., 1977) . The results indicate that all methods give sufficiently good results for the bond lengths and bond angles, except for the C-S bond distances, which differ by about 0.1 Å. Generally, bond lengths as well as bond angles are not drastically influenced by the environment in the crystal and therefore a comparison to the calculations in gas phase could be performed. On the contrary, the dihedral angles of HEPT are influenced substantially by the intermolecular forces in the complex.
In the calculations two conformational minima for HEPT were found. AM1 favours the minimum around ␣ = 76 degrees as absolute minimum and the second minimum at ␣ = 250 degrees with 3.35 kJ/mol higher energy and activation barriers of 21.2 and 14.4 kJ/mol. Ab initio calculations with the small HF/3-21G basis set support these results, but show a slightly smaller energy difference (1.97 Table 1. kJ/mol) and enhanced activiation barriers (36 and 27.4 kJ/mol). The more accurate higher basis set (HF/6-31G**) as well as the DFT method (B3LYP/6-31G**) indicate, however, that the second conformational minimum (␣ = 250 and 244 degrees) might be the global minimum. Nevertheless, all methods confirm that two conformational minima exist with a rather small energy difference in between.
The dihedral angles that determine the position of the phenyl ring (C5=C6-S10-C1Ј = ␣, and C6-S10-C1Ј-C2Ј = ␤) are presented in Table 1 together with the corresponding crystal structure data (Ren et al., 1995) . They are more or less comparable for all calculation methods used. There are larger deviations of the dihedral angle ␥ (C6-N1-C11-O12) and also for the other dihedral angles determining the conformation of the side chain. Due to the number of rotatable single bonds and the resulting flexibility a complete conformational analysis of the side chain is not possible, but the small energy differences obtained for various conformations of the side chain indicate the high mobility of this chain. Additionally, in the crystal structure of a derivative of HEPT the flexibility of the chain was experimentally found (Maruenda and Johnson, 1995) .
As shown in Table 1 , the conformation of HEPT in the complex with HIV-1 reverse transcriptase correlates with the calculated conformational minimum at a dihedral angle ␣ of 65 degrees.
The NMR spectra of HEPT were calculated by the GIAO method using the HF/6-31G** and B3LYP/6-31G** methods in order to obtain some information about the conformation of HEPT in solution. The spectra were calculated with the HF/6-311++G** and B3LYP/6-311++G** methods based on the B3LYP/6-31G** optimised structures, because, as expected, the agreement between the chemical shifts obtained with the small basis set HF/3-21G and enhanced ab initio calculations is quite poor, although the geometry is derived successfully by this basis set. The main difference between the spectra of both conformers occurs for the chemical shift of the methyl group at the heterocyclic ring and the protons of the methylene bridge bound to the nitrogen of the thymine ring, because these positions are predominantly influenced by the phenyl ring position. From the comparison of the experimental and the calculated spectra it can be seen that the calculated minimum at ␣ = 65 degrees gives a better correlation than the second (global) minimum.
From the calculations and from the experimental spectra it can be concluded that HEPT exists in two energetically similar conformations in gas phase with respect to the position of the aromatic ring, whereas the side chain is rather flexible without pronounced energetic minimum geometry. In solution one conformation seems to be predominant which corresponds to that conformation in which the molecules exists in the association complex. The binding of HEPT, which is caused mainly by hydrophobic interactions and hydrogen bonding, takes place without a pronounced reorientation of the molecular conformation. Therefore no large activation energy has to be applied before binding of this inhibitor molecule. land Cooperative Science Program (NRCT-FWF). The calculations were performed on the Cluster of Digital Alpha Servers (2100 4/275) of the computer center of the University of Vienna. The generous supply of computer time on this installation is grateful acknowledged. The authors wish to thank Prof. Alfred Karpfen and Dr. Hellfried Schreiber for helpful discussions and critical comments. Energies are given in kJ/mol, bond lengths in Å, bond angles and torsion angles in degrees.
